T elemedicine has the potential to increase access to care, improve the quality of the care provided, and reduce health care costs. Although recent regulatory and legislative changes to the Medicare program 1, 2 and an increase in state telemedicine parity laws 3 could increase its prevalence, there are few estimates of its use. This information gap makes it difficult to assess the potential cost savings from telemedicine as well as its impact on access to and quality of care.
Research based on Medicare claims data indicates that in 2014 only 0.2 percent of Medicare Part B fee-for-service beneficiaries accessed services using telehealth. In contrast, 12 percent of beneficiaries covered by the Department of Veterans Affairs (VA) receive some form of telehealth each year. 4 Estimates are lacking for the privately insured population and for physicians. We don't know how many physicians use telemedicine, or what functions it serves in their practices. One rigorous but narrowly focused survey estimated that 15 percent of family practice physicians used telemedicine in 2014. 5 Survey data on hospitals indicated that by 2012, 42 percent had adopted telemedicine. 6 Better information on where and how telemedicine is being used can inform strategies to encourage its appropriate use. Using data from the 2016 Physician Practice Benchmark Survey of the American Medical Association (AMA, with which both authors are affiliated), we estimated the percentage of physicians who use telemedicine for interactions with patients and with health care professionals. In addition, we provide utilization rates for three telemedicine modalities (videoconferencing, remote patient monitoring, and store and forward of data), and we explore the correlates of telemedicine to better understand the factors that inhibit or encourage its use. This is the first set of nationally representative estimates of the use of telemedicine by physicians.
per week, have completed residency, are not federal government employees, and practice in one of the fifty states or the District of Columbia. The survey has been conducted in 2012, 2014, and 2016. The 2016 survey was the first of the series to include questions on telemedicine.
The 2016 sample was drawn from the M3 Global Research physician panel. M3 licenses data from the AMA's Physician Masterfile, a repository of information on all physicians licensed to practice medicine in the US, and appends the data to its panel. The sample was selected from the panel on the basis of Masterfile variables indicating that the physician had completed residency, practiced in the US, was not retired, and had patient care as their professional activity. Physicians were screened at the start of the survey to ensure that they met the sample criteria and, in particular, to exclude those working part time or for the federal government-information not available from the Masterfile. The final data set included 3,500 physicians, with a response rate of 36 percent. Survey weights were constructed by NORC at the University of Chicago to reflect the probability of selection from the M3 panel into the sample and to adjust for nonresolution of eligibility status, differences between respondents and nonrespondents, and differences between the distributions of the sample respondents and the population (eligible physicians in the Masterfile). Weights took into account specialty, age, sex, AMA membership status, present employment (a "practice setting" variable), and census region. 7, 8 All descriptive statistics presented here were weighted.
Telemedicine Use Because the Medicare program statutorily defines telehealth to include only two-way, audiovisual, real-time interactions, 9 we used the term telemedicine rather than telehealth in the Benchmark Survey. Surveyed physicians were instructed that telemedicine was "the use of technology as a substitute for an in-person encounter with a health care professional" and asked whether telemedicine was used in their practice. The use of telemedicine was not tied to any particular payer or whether reimbursement was received for its use. Physicians in practices that used telemedicine were asked whether it was used for any of five functions. Three of these functions were patient interactions (diagnosing or treating patients, following up with patients, and managing patients with chronic disease), and two were interactions with health care professionals (having a specialty consultation and getting a second opinion). The physicians were also asked about their practice's use of three telemedicine modalities (videoconferencing, remote patient monitoring, and store and forward of data). Physicians could select more than one function or modality, and the reported use of each modality was not linked back to any particular function.
Specialty And Practice Characteristics From the Masterfile, the survey data included physicians' primary specialty, which reflected medical training in one of over 250 detailed specialties. We mapped primary specialties to nine broad categories. The three broad categories of primary care, internal medicine subspecialties, and surgery were also broken down into more detailed specialties. Information about practice size (the number of physicians across all practice sites and locations), type, and ownership structure was gathered during the survey. We collapsed practice type and ownership to form a single variable with seven categories: solo practice; single specialty, physician owned; single specialty, other; multispecialty, physician owned; multispecialty, other; hospital employee (that is, a physician employed directly by, rather than a practice owned by, a hospital); and other. Because physicians employed by a hospital were not asked about practice size, we included them in the largest practice-size category.
Market Characteristics We examined differences in telemedicine use by practice location (metropolitan versus nonmetropolitan) and the presence of a state telemedicine private-payer parity law. Metropolitan location was defined as practicing in a metropolitan core-based statistical area, as designated by the Office of Management and Budget.
Many states have telemedicine private-payer parity laws that require commercial insurers to provide coverage and reimbursement for telemedicine services as they would for in-person services.We used data compiled by the American Telemedicine Association to determine whether such a law existed in each state as of 2015. 10 As of that year, a parity law had been enacted by the District of Columbia and twenty-four states (which had increased to thirty-one states by January 2017). 3 While these laws require coverage of telemedicine services, they generally do not mandate that reimbursement for telemedicine services be equal to that for in-person services. 11 Furthermore, some laws are restricted to particular modalities, patient settings, or types of services and thus may differ in the extent to which they facilitate the use of telemedicine. Online appendix table 1 lists the states classified as having a parity law in 2015.
12
Analyses We calculated the percentages of physicians whose practices used telemedicine for interactions between physicians and patients and those whose practices used it for interactions between physicians and health care professionals, as well as those whose practices used each of the three modalities in 2016. We present those estimates by specialty, practice characteristics, and market characteristics. We used an ordinary least squares regression model to assess whether each of these variables was independently associated with our five measures of telemedicine use.
Limitations This study had several limitations. First, our data did not provide estimates of the percentage of interactions that were through telemedicine. As a result, variations in this "intensity" of use would be masked in our data.
Second, physicians were asked to report at the practice level, which may differ from their personal experience with telemedicine. Thus, the percentage of physicians who personally used telemedicine might be less than what we estimate.
Third, while some physicians were unaware of telemedicine use in their practice, we found this to be the rarity rather than the norm: Only 2.2 percent of physicians did not know whether telemedicine was used.
Finally, we could not estimate the frequency with which any of the three telemedicine modalities was used specifically for any one of the functions physicians reported in their practices. For example, we could not disentangle how often videoconferencing was used for patient interactions rather than interactions with health care professionals. Even in primary care and internal medicine subspecialties, many physicians who reported videoconferencing reported both types of interactions.
Study Results
Sample Characteristics We compared survey respondents to the population of physicians they represented-physicians in the AMA Masterfile who met the same criteria used to select M3 panel members for the survey. Survey respondents were broadly representative of the US physician workforce (appendix table 2).
12 Women accounted for 33.2 percent of respondents, nearly identical to their 33.6 percent of the physician population. The shares of physicians in states with parity laws (56.1 percent in the survey and 56.6 percent in the population) were also not significantly different from one another. The distributions of physicians by specialty, census division, and present employment were also similar, with significant differences in only two of the nine categories for the first two variables and no differences for the last variable. Compared to physicians in the population, slightly fewer physicians in the sample were in nonmetropolitan locations. The small differences in the age distribution were partially driven by the survey screener questions that excluded physicians on the basis of information that either was not available in the Masterfile or might have changed since a physician's Masterfile profile was last updated.
Overall Use Of Telemedicine In 2016, 15.4 percent of physicians worked in practices that used telemedicine for patient interactions and 11.2 percent in practices that used it for interactions with health care professionals (exhibit 1). Utilization rates for the five functions ranged from 6.5 percent (getting a second opinion) to 11.2 percent (diagnosing or treating patients) (appendix table 3).
Some specialties reported relatively high use: 27.8 percent of psychiatrists and 24.1 percent of cardiologists worked in practices that used telemedicine for patient interactions (exhibit 2). In those specialties, the use of telemedicine for each of the three patient-focused interactions was high relative to the mean. For example, 19.0 percent of cardiologists said that their practices used telemedicine to manage patients with chronic disease (appendix table 3). 12 Similarly, 39.5 percent of radiologists and 23.0 percent of pathologists reported that their practices used telemedicine for patient interactions (exhibit 2). Consistent with the care that these specialists provide, relatively few radiologists and pathologists (fewer than 5 percent) used telemedicine to follow up with patients or manage patients with chronic disease (appendix  table 3) . 12 In contrast, 37.4 percent and 20.9 percent, respectively, said that their practices used telemedicine to diagnose or treat patients. In other specialties, the use of telemedicine for patient interactions ranged from 6.1 percent for physicians in the internal medicine subspecialty of allergy/immunology to 22.3 percent for those in emergency medicine (exhibit 2).
The specialties most likely to use telemedicine for interactions with health care professionals were emergency medicine physicians (38.8 percent), pathologists (30.4 percent), and radiologists (25.5 percent). In other specialties utilization rates were under 15 percent-for many, well under 10 percent.
Videoconferencing use was highest among emergency medicine physicians (31.6 percent), followed by psychiatrists and pathologists (around 25 percent). Radiologists, a few internal medicine subspecialists (hematologists/oncolo- SOURCE Authors' analysis of data from the American Medical Association's 2016 Physician Practice Benchmark Survey. NOTES A mapping from primary specialty to each of the specialty categories is available from the authors upon request. For each of the five measures of telemedicine use, differences across the nine general specialty categories were significant (p < 0:01).
gists, nephrologists, endocrinologists, and neurologists), and other surgical specialists also had relatively high use of this modality (15-19 percent) . Among radiologists, 42.7 percent worked in practices that used telemedicine to store and forward data-the highest share of any specialty. Pathologists came next, at 22.7 percent. With utilization rates of 13-15 percent, endocrinologists, dermatologists, emergency medicine physicians, ophthalmologists, and cardiologists also used this modality relatively often.
Remote patient monitoring was used by fewer than 10 percent of physicians in every broad specialty group except internal medicine subspecialties (10.9 percent). Among internal medicine subspecialists, use of this modality was highest among cardiologists (17.9 percent) and nephrologists (15.4 percent). Neurologists, endocrinologists, and hematologists/oncologists had utilization rates around 12 percent. With the exception of hematologists/oncologists, these specialties had the highest reported rates of using telemedicine to manage patients with chronic disease (appendix table 3).
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Telemedicine Use By Practice Characteristics Physicians in larger practices were more likely than those in smaller practices to report the use of telemedicine (exhibit 3). Use for patient interactions ranged from 8.2 percent among physicians in the smallest practice size category (one to four physicians) to 26.5 percent among physicians in the largest (at least fifty physicians). Use for interactions between physicians and health care professionals ranged from 3.6 percent to 22.8 percent. Patterns for use of videoconferencing and remote patient monitoring were similar, with physicians in the smallest practices using them the least and physicians in the largest practices using them the most.
Physicians in solo practice were less likely to use telemedicine for patient interactions (8.9 percent) than physicians in single or multispecialty group practices (for whom rates ranged from 10.2 percent to 21.2 percent) or who worked directly for hospitals (27.6 percent). A similar pattern was evident for the use of telemedicine for interactions between physicians and health care professionals. Among physicians in group practices, being in a physician-owned practice rather than one with some other ownership structure and being in a single specialty practice rather than a multispecialty practice appeared to be markers of lower use of telemedicine for both types of interactions.
We observed the same patterns across practice
Exhibit 3
Physicians' use of telemedicine, by practice and market characteristics, 2016 Regression Results Many of the observed differences in the use of telemedicine were also present in our multivariate model (appendix table 4). 12 The specialties that had the highest use of each modality (exhibit 2) were also associated with the highest use in the regressions. Larger practice size was associated with a greater likelihood of using each measure of telemedicine, although not always in a strictly monotonic fashion. Compared to physicians in practices with fewer than five physicians, those in practices with fifty or more physicians were more likely to report that their practice used telemedicine for interactions with patients and health care professionals (by 15.1 percentage points and 11.4 percentage points, respectively). Practicing in a nonmetropolitan area was associated with a 5.1-percentage-point higher likelihood of the use of telemedicine for interactions with health care professionals and a 6.2-percentage-point higher likelihood of the use of videoconferencing, compared to practicing in a metropolitan area. Practicing in a state with a parity law was not correlated with any measure of telemedicine use. 13 The regressions yielded results for practice type that were somewhat different than those we observed in the univariate results. Exhibit 3 shows that for each telemedicine measure, the utilization rates of hospital-employed physicians were higher than those of physicians in solo practice. In the regressions, hospital employees were more likely to use only videoconferencing, and then marginally so. In the regressions, the higher utilization rates of hospital-employed physicians observed in exhibit 3 are being picked up by the largest practice-size category.
Exhibit 3 also suggests that physicians in multispecialty practices had higher telemedicine utilization rates than physicians in single specialty practices. In contrast, joint tests in the regressions indicate that this practice attribute was a significant correlate of only one measure of telemedicine use: interactions with health care professionals. Here, the univariate differences are being driven by the correlation between practice type and size: Multispecialty practices are larger than single-specialty practices. 7 With regard to practice ownership, the regression results were consistent with those shown in exhibit 3. Joint tests suggest that practices owned by physicians were less likely to use telemedicine for interactions with patients and health care professionals and less likely to use videoconferencing, compared to other practices.
Discussion
We found that in 2016, 15.4 percent of physicians worked in practices that used telemedicine for interactions between physicians and patients. Although radiologists (39.5 percent), psychiatrists (27.8 percent), and cardiologists (24.1 percent) had the highest use of telemedicine for this type of interaction, these percentages reflect a wide spectrum across specialties in how telemedicine was used to interact with patients.
For example, radiologists' use of telemedicine for patient interactions is related to the use of store and forward of data: 42.7 percent of them said that their practice used this modality, and 37.4 percent said that their practice used telemedicine to diagnose and treat patients. A radiologist in an urban location may read and interpret the magnetic resonance imaging results of a patient in a rural location. This method of asynchronous communication also allows an off-site group of radiologists to review images from the emergency departments of multiple hospitals. While not having a patient encounter in the same sense that a primary care physician would have, radiologists are treating patients and using a form of telemedicine to do so. In contrast, psychiatrists' reports of patient-facing telemedicine reflect the use of videoconferencing for e-visits with patients: 25.8 percent of psychiatrists reported the use of videoconferencing in their practice. A key component of cardiologists' use of telemedicine is the use of remote monitoring of patients with chronic disease: 17.9 percent of cardiologists were in practices that used remote patient monitoring, and 19.0 percent used telemedicine to manage patients with chronic disease.
Overall, 11.2 percent of physicians worked in practices that used telemedicine for interactions with health care professionals. The specialties with the highest use of telemedicine for this function were emergency medicine (38.8 percent), pathology (30.4 percent), and radiology (25.5 percent). In addition to using telemedicine to store and forward data to diagnose and treat patients, pathologists and radiologists also use it to share images with subspecialists. Each of these specialties may also use videoconferencing for this purpose.
Across the three telemedicine modalities, videoconferencing had the most widespread adoption among physicians (12.6 percent). Insurance coverage is likely a key reason for this finding. Videoconferencing is the modality most often referred to in defining telehealth in states' parity laws 11 and is the most commonly covered modality in states' fee-for-service Medicaid programs. 14 As illustrated, it also can serve a variety of functions, including interactions with health care professionals as well as with patients, across a broad set of specialties.
Remote patient monitoring was used in the practices of 7.3 percent of physicians, and its use was reported most often by physicians in internal medicine subspecialties. The same types of remote patient monitoring used by cardiologists, who had the highest reported use of this modality, are also used in the treatment of cancer patients who are at increased risk for cardiovascular problems after chemotherapy and radiation therapy. 15 The practices of 11.7 percent of hematologists/oncologists used remote patient monitoring.
The practices of 9.4 percent of physicians used telemedicine to store and forward data. In addition to having a high rate of use by radiologists and pathologists, this modality was also used relatively often by dermatologists and ophthalmologists. The use of this modality in these specialties allows primary care physicians to share images of skin conditions and eye screenings for diabetic retinopathy for review.
The results of listening sessions held by the Centers for Medicare and Medicaid Services suggest that the financial burden of implementing telemedicine is a barrier to its use. 16 Our research provides further evidence for this: Physicians in larger practices and practices not owned by physicians had higher use of telemedicine. These practices may be better able to make the investments necessary to support telemedicine. Even after specialty differences were controlled for, physicians in practices with fifty or more physicians were 15.1 percentage points more likely than physicians in practices with fewer than five physicians to report that their practice used telemedicine for patient interactions, and 11.4 percentage points more likely to report its use for interactions with health care professionals. Prior research has identified larger practice size as a correlate of the adoption of electronic health records. 17, 18 And prior research on hospitals has found that affiliation with a system was associated with an increased likelihood of telemedicine use. 6 We found that practicing in a nonmetropolitan location was associated with increased use of telemedicine for interactions with health care professionals and increased use of videoconferencing. This may indicate that even in areas that are not necessarily Health Professional Shortage Areas, videoconferencing is being used to increase access to relevant subspecialists.
Contrary to the results of several recent studies that focused on hospitals and Medicare beneficiaries, 6 ,19-21 we did not find an association between telemedicine use and state parity laws. Some parity laws apply only to particular modalities, settings, or services. A more narrowly focused analysis among a subset of physicians to whom these laws better apply might indicate that there are differences in use by parity-law status. It is also possible that the intensity of telemedicine use (which we did not measure) is greater in states with parity laws than in states without them, even if the rate of any use is not.
Conclusion
We examined data from the 2016 Physician Practice Benchmark Survey to assess how often three telemedicine modalities were used by physicians and what functions they served. Fifteen percent of physicians worked in practices that used telemedicine for interactions with patients. This reflects a wide spectrum of how physicians interact with patients, including e-visits as well as diagnoses made by radiologists using store and forward of data. Eleven percent of physicians worked in practices that used telemedicine for interactions with health care professionals. Importantly, these should be regarded as upperbound estimates. Not all physicians in practices with telemedicine use it, and those who do might use it for only a subset of patients.
Our work suggests that despite regulatory and legislative changes designed to encourage the use of telemedicine, the financial burden of implementing it may be a continuing barrier, especially for small practices. Even after we controlled for specialty differences, we found that physicians in larger practices and ones that were not physician owned were more likely to report that their practices used telemedicine for interactions with both patients and health care professionals. In addition, the higher use in nonmetropolitan locations of telemedicine for interactions with health care professionals suggests that even when not practicing in a Health Professional Shortage Area, physicians are using telemedicine to alleviate access issues when relevant subspecialists are not available. ▪
